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Ctd1, have also been suggested to limit 
origin firing. Previous studies in fission 
yeast have shown that firing can occur 
multiple times at the same origins in 
cells overproducing either Cdc18 or both 
Cdc18 and Cdt1 (Nishitani and Nurse, 
1995; Nishitani et al., 2000), resulting in 
overreplication. It is not yet clear whether 
the overproduction of Cdc45, Hsk1, or 
Dfp1 results in the same type of overrep-
lication or whether it merely changes the 
pattern of origin usage.
The work by Wu and Nurse gives us 
a handle on the sequence of regulatory 
events that lead up to DNA replication. 
In light of this new information regarding 
the potential regulatory roles played by 
ORC protein binding in determining ori-
gin usage, future work should undoubt-
edly be focused on identifying the sig-
nals that initiate ORC loading in both 
cycling cells and cells returning from 
quiescence, thereby setting the stage for 
a well-regulated S phase.
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Activation of plasma membrane calcium channels by depletion of endoplasmic reticulum (ER) 
calcium stores is important for calcium entry in many cell types. Park et al. (2009) now show that 
direct binding of the ER protein STIM to tetramers of the Orai1 calcium channel in the plasma 
membrane triggers opening of this channel.Calcium ions (Ca2+) are ubiquitous intra-
cellular signals that trigger hundreds of 
biological processes. In addition to Ca2+-
permeant channels in the plasma mem-
brane that allow for rapid increases in the 
level of cytoplasmic Ca2+, cells also pos-
sess an intracellular Ca2+ distribution sys-
tem. In many types of cells, Ca2+ depletion 
from the endoplasmic reticulum (ER) leads 
to the rapid activation of plasma mem-
brane Ca2+ channels in a process known 
as store-operated Ca2+ entry. Park et al. 
(2009) now examine the mechanistic basis 
of store-operated Ca2+ entry and provide 
evidence that it is stimulated by the direct 
binding of an ER protein, STIM1, to the 
plasma membrane calcium channel Orai1.
The ER is an ideal Ca2+ capacitor by vir-
tue of its large surface area and storage 
capacity. The capacitor is charged by the 
smooth ER Ca2+ ATPase (SERCA) pump 814 Cell 136, March 6, 2009 ©2009 Elsevierand discharged via Ca2+-permeant chan-
nels, such as inositol triphosphate recep-
tors (IP3R) and ryanodine receptors (RyR). 
G protein and tyrosine kinase receptor-
activated phospholipase C (PLC) hydro-
lyzes plasma membrane-specific phos-
phatidylinositol bisphosphate (PIP2) to 
release soluble IP3. Within seconds, IP3 
gates the ER IP3R channel to increase 
cytoplasmic Ca2+. In reciprocal signaling 
over the course of minutes, Ca2+ entry at 
the plasma membrane is activated via a 
message from the Ca2+-depleted ER. This 
mechanism, called store-operated Ca2+ 
entry, is mediated by slow, tiny, and highly 
selective Ca2+ channels known as CRAC 
(Ca2+ release-activated Ca2+) channels 
that are activated when the Ca2+ concen-
tration in the ER falls. Most importantly, a 
declining ER Ca2+ concentration, but not 
an increasing cytoplasmic Ca2+ concen- Inc.tration, activates CRAC channels. This is 
a crucial distinction that separates CRAC 
channels from periplasma membrane 
Ca2+-activated transient receptor poten-
tial (TRP) channels and K+ channels.
The sensor and reciprocal messenger 
from the ER to the plasma membrane in 
store-operated Ca2+ entry were sought for 
over 15 years (Parekh and Putney, 2005). 
The crucial break came when STIM, a 
single transmembrane-spanning domain 
protein primarily residing in the ER, was 
found to be essential for activation of 
store-operated Ca2+ entry in Drosophila 
(Stim) and mammalian (STIM1) cells 
(Roos et al., 2005). STIM can be likened 
to a buoy, with its N terminus inside the 
ER and its C-terminal protein-interaction 
domains bobbing in the cytoplasm (Figure 
1). When the ER Ca2+ concentration falls, 
STIM proteins accumulate within minutes 
like buoys against the plasma membrane 
“shoreline” (Wu et al., 2007). The search 
for a STIM-dependent plasma membrane 
Ca2+ channel culminated in the discov-
ery of Orai1, which proved to be the Ca2+ 
channel-forming subunit of the CRAC 
channel (Feske, 2007). Like the Ca2+ 
release triggered by the CaV-RyR interac-
tion in muscle, the STIM1/Orai channel 
complex brings Ca2+ into a narrow region 
between the plasma membrane and ER 
(Wu et al., 2007). What causes STIM1 to 
cluster at the plasma membrane-ER junc-
tion, and what stimulates opening of the 
Orai channel? These are the questions 
addressed by Park et al. (2009) in this 
issue of Cell and by Yuan et al. (2009) in 
new work recently reported in Nature Cell 
Biology.
A region of STIM (amino acids 340 to 
450) is highly conserved from the nema-
tode Caenorhabditis elegans to mam-
mals. The ?110 residue region, referred to 
as the “CRAC activation domain” (CAD) 
by Park et al. and the “STIM Orai activat-
ing region” (SOAR) by Yuan et al., includes 
a putative coiled-coil and roughly half of 
an ERM (ezrin, radixin, moesin) domain. 
Purified CAD is sufficient to activate Orai 
channels in the absence of Ca2+ store 
depletion. Orai channel clustering on the 
plasma membrane is not sufficient to acti-
vate CRAC/Orai. One difference between 
the two studies is that Yuan et al. propose 
that STIM’s lysine (K)-rich domain induces 
Orai’s inward rectification, whereas Park 
et al. find that it targets STIM1 to plasma 
membrane-ER junctions without any 
apparent effect on rectification (see Park 
et al., 2009, Figure 1). Park et al. also pro-
vide data indicating that direct binding 
between STIM and the N and C termini of 
Orai allosterically activates Orai, settling 
the long-standing question of whether the 
messenger for store-operated Ca2+ entry 
is diffusible or direct.
The rest of the story is less certain, 
but we can construct a likely scenario. 
Ca2+ depletion from ER stores initi-
ates rapid unfolding of STIM’s luminal 
EF-hand and sterile α-motif (EF-SAM) 
domain (Stathopulos et al., 2008). This 
enables the CAD domains to induce oli-
gomerization of STIM, which is the key 
step that triggers the remaining events 
(Luik et al. 2008). The STIM tetramers 
recognize a plasma membrane-spe-
cific marker, and large rafts of STIM tetramers accumulate at ER-plasma 
membrane junctions. The identity of 
this specific marker remains a mys-
tery, but Park et al. (2009) show that 
it does not require Orai. The marker 
is also unlikely to be the highly nega-
tively charged and plasma membrane-
specific PIP2 (that could bind to ERM 
or the K-rich domains of STIM) as PIP2 
should be depleted by PLC activa-
tion. Regardless of the identity of the 
marker, tetrameric Orai, waiting on 
the plasma membrane, drifts into the 
high-avidity STIM clusters, where it is 
bound at both its C and peri-N termini. 
Binding triggers the opening of the Orai 
channels. This increases the amount of 
cytoplasmic Ca2+, thus enabling the 
translocation of the transcription fac-
tor NFAT (nuclear factor of activated 
T cells) and other signaling events. 
Meanwhile, SERCA pumps recharge 
the ER Ca2+ capacitor. Interestingly, 
Park et al. state that although the CAD-
activated Orai channel lack the fast 
Ca2+-dependent inactivation typical of 
native CRAC, inactivation is restored 
when the CAD fragment includes more 
C-terminal STIM residues. Thus, Ca2+ 
may bind to STIM in this region, reduc-
ing the affinity of STIM for the Orai 
docking/gating site and thereby turning 
off the Ca2+ spigot.
The fact that STIM and Orai recapitu-
late the most well-defined mechanisms 
for store-operated Ca2+-entry by CRAC 
should reduce enthusiasm for the notion 
that TRP channels are store operated. 
However, Yuan et al. (2009) propose that 
STIM can also interact with TRP chan-
nels, and that the “balance of association 
of the Lys domain and SOAR with the two 
channel types will determine the extent 
of regulation of Orai and TRPC chan-
nels by STIM and Ca2+ influx.” Several 
lines of evidence argue against a STIM-
figure 1. store-Operated ca2+ entry and the sTIM/Orai complex
STIM spans the endoplasmic reticulum (ER) membrane, with its lysine (K)-rich and ERM (ezrin, radixin, 
moesin) domains in the cytoplasm and its EF-hand and sterile α-motif (EF-SAM) domain in the ER lumen. 
When Ca2+ is released from the ER, STIM aggregates into tetrameric complexes that accumulate within 
25 nm of the plasma membrane. Large rafts of STIM complexes capture tetrameric Orai Ca2+-selective 
channels. Contacts between the CRAC activation domain (CAD) and the carboxyl and amino termini 
of Orai open the channel, admitting Ca2+ into the cytoplasm. (Figure modified from Stathopulos et al., 
2008).Cell 136, March 6, 2009 ©2009 Elsevier Inc. 815
TRP mechanism for store-operated Ca2+ 
entry. First, there is no similarity between 
Orai and TRP channels. There is also a 
lack of evidence that Ca2+ store deple-
tion activates TRP channels when intra-
cellular Ca2+ is buffered. Lastly, there is 
no effect on Ca2+ store repletion in mice 
lacking TRPC3 and in triple-knockout 
mice lacking TRPC1, TRPC4, and TRPC6 
(Hartmann et al., 2008).
The two papers address an important 
detail in the mechanism of store-oper-
ated Ca2+ entry and cast doubt on the 
hypothesis that STIM links Orai di mers to 
form active tetrameric channels (Penna 
et al., 2008). The fact that Orai is a self-
contained Ca2+ channel raises the possi-
bility that there are other Orai-activating 
mechanisms. On a practical level, given 
the essential role of CRAC channels 816 Cell 136, March 6, 2009 ©2009 Elsevier
The serine/threonine protein kinase 
Akt is a central effector of the insulin/
insulin-like growth factor 1 signaling 
(IIS) pathway that is conserved from 
worm to man. The IIS pathway regu-
lates growth, development, reproduc-
tion, stress responsiveness, and lon-
gevity. Akt is commonly hyperactivated 
in a large number of human cancers, 
often because of activating mutations 
in its key upstream regulator phospho-
inositol 3-kinase (PI3K) or inactivating 
mutations in the opposing lipid phos-
phatase, the tumor suppressor PTEN. 
In contrast to tumorigenesis, loss of 
AKT activity accompanies insulin resis-
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The serine/threonine kinase Akt is
and insulin resistance. In this iss
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Akt activity in worms and mammin T cell activation, it is possible that a 
membrane-permeant peptide (such as 
TAT-CAD) could be a useful means of 
activating T cells, or, conversely, a CAD 
blocking peptide might be used to pre-
vent their activation. If store-operated 
Ca2+ entry proves important in other 
cellular processes, such as apoptosis 
resulting from prolonged ER stress, then 
CAD reagents will find additional uses.
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tance in peripheral metabolic tissues in 
diabetic patients, and loss of Akt-2 in 
mice results in a type 2 diabetes-like 
phenotype. Therefore, gaining insight 
into the key positive and negative regu-
latory modules controlling AKT activity 
is central to our basic understanding 
of two common diseases. In this issue, 
Padmanabhan et al. (2009) identify 
the phosphatase regulatory subunit 
PPTR-1 in the worm Caenorhabditis 
elegans, which regulates the IIS path-
way by counteracting Akt activity. This 
regulation controls longevity and has 
implications for the study of cancer and 
diabetes.
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ncb1842.Two different phosphorylation events 
are known to be involved in Akt activa-
tion, both of which appear to be depen-
dent on PI3K and are conserved across 
all metazoans (Figure 1). Phosphoryla-
tion of Akt at threonine 308 (Thr350 in 
worm) in the activation loop by the phos-
phoinositide-dependent kinase 1 (PDK1) 
(Figure 1) is absolutely required for Akt 
activity. In contrast, phosphorylation at 
a hydrophobic motif serine site (human 
Ser473/worm Ser517) by the TORC2 
(TOR-rictor) kinase complex is important, 
but appears not to be essential for Akt 
activation in all settings (Polak and Hall, 
2006). In stark contrast to our detailed 
naling
s that control cell tumorigenesis 
entify a phosphatase regulatory 
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